The potassium salt of carrageenan was found to be an adequate replacement for agar in solid bacteriological media. The common microbial genetic techniques, such as purifying colonies by streaking, replication tests, and titration of cultures, were carried out successfully with a number of mutant strains of Escherichia coli.
The use of solid culture media has been of fundamental importance to microbiological research since the late nineteenth century. Desirable qualities of a solidifying agent for media include solidity over the temperature range of bacterial growth, resistance to digestion by bacteria, lack of syneresis, transparency, and the ability to form a reversible colloid. The medium must be firm enough to allow the carrying out of common techniques such as streaking out cultures, plating, and replication. In addition, it is helpful if the gelation agent is relatively inexpensive and easily obtained.
Since Koch (7) first introduced agar as a gelifying agent in bacterial media (6) , it has become the primary material for solid media throughout the world. However, increased cost and recent shortages have made a more readily available substitute for agar desirable.
During World War II attempts were made to find a substitute for agar in solid bacterial media. A report appeared that extracts from Irish Moss can substitute for agar in bacteriological culture media (10) . Since two carrageenan (Irish Moss) salts are commercially available now, and since present needs in a microbial genetics laboratory are somewhat different from those that existed in 1943, we decided to test a number of commercially available gelifying agents as substitutes for agar. Our experiments suggest that the potassium salt of the sulfate polysaccharide, carrageenan, is an adequate substitute for agar in most common genetic manipulations of Escherichia coli.
MATERIALS ANI) METHOi)S
Bacterial and phage strains. Bacterial strains are described in Table 1. Bacteriophages P1, T4, and T7 were from our own stocks.
Media. Media were prepared as described by Apirion (1) except for substitutions of the various gelation materials.
Gelation materials. The agar used was Difco agar. Gelatin types I and II, carrageenan calcium salt, and carrageenan potassium salt were from Sigma Chemical Co. (St. Louis, Mo.).
RESULTS
Gelling properties. The materials tested by us for their gelling properties included gelatin types I and II and carrageenan calcium and potassium salts. Various concentrations of these materials (1.0, 1.5, 2.0, and 4.0%) were prepared, autoclaved, and allowed to solidify in small depression plates (Table 2) . They were then incubated at 25 and 45 C. Both types of gelatins gave too soft a consistency at all concentrations to warrent further investigation. All concentrations of the Ca2+ salt of carrageenan were rather firm at room temperature, but none were firm at 45 C. On the other hand, all concentrations of the K+ salt of carrageenan were adequately firm at room temperature, and the 2 and 4% concentrations were also firm at 45 C. It was later observed, when attempting to plate cells by spreading them on top of the medium, that the Ca2+ salt was too soft even at 37 C for such a purpose. Like agar, carrageenan has to be melted to obtain a uniform suspension.
Replication tests. To test the K+ salt of carrageenan as a medium support, master plates were made with rich medium containing agar (1.5%) and rich medium containing carrageenan (2.0%) with eight different E. coli strains in common use in our laboratory at that time (Table 1) . No differences were observed in the firmness of the plates. After overnight incubation at 37 C the patched colonies grew similarly on both master plates; in fact, the plates with carrageenan were clearer and the colonies were more readily distinguishable. ( of gelatin and two salts of carrageenan were mixed with distilled water in the concentrations indicated above and autoclaved. Plates were poured and allowed to solidify at room temperature for 1 day. The plates were then incubated for another day at the temperatures indicated above. The consistency of the gel was tested by visual observation or by streaking on the top of the plates with a bacteriological loop. Strain 300 370410430450370430 (37 C) (37 C) (37 C) (37 C) (37 C) (37 C) ( (Table 4 ). Even at 37 C the Ca2+ salt of carrageenan was soft and difficult to work with and supported growth rather poorly. However, the plates with the K+ salt of carrageenan gave colony counts similar to the agar plates. In fact, the colonies a A liquid culture of D10 was grown overnight at 37 C in rich medium with agitation, washed once in dilution buffer, and diluted in the same buffer. One-tenth-milliliter volumes were then plated onto minimal medium plates containing 50 ,ug of methionine per ml using the various gelation agents as indicated. The plates were incubated for 2 days at the temperatures shown. Colonies were counted and the results from various dilutions were averaged and expressed per milliliter of original culture. The dashes indicate no colonies observed. The size of the smaller and larger colonies was determined by averaging the diameter of 6 to 10 well-separated colonies on the plates; the size of both types of colonies is shown. appeared sooner and grew larger than those on the agar plates. The K+ salt of carrageenan also appeared to give slightly better viability.
In another set of experiments, strains D1O and N2089 were plated on rich and minimal medium supported by agar or K+ carrageenan (Table 5 ). The numbers of colonies were comparable at all temperatures in rich medium and at 37 and 43 C in minimal medium. At 45 C similar results were obtained using rich medium. Using minimal medium, carrageenan seems to have the edge. One of the strains tested, D10, failed to form colonies on minimal agar medium, and the other strain tested, N2089, grew faster on the minimal carrageenan plates (see Table 5 ).
Growth of phage (plaque formation Strains D10 and N2089 were grown overnight in liquid rich medium at 37 C with agitation, washed once in dilution buffer, and diluted 10-" and 2 x 10-7 in the same buffer. One-tenth-milliliter aliquots were plated onto rich or minimal medium plates containing the gelation agent as indicated. The minimal medium plates for D10 contained 50 ,g of methionine per ml, whereas those for N2089 contained 5 gg of nicotinic acid and thiamine per ml and 50 ,ug of arginine per ml. The plates were incubated for 2 days or as indicated at the temperatures shown. Colonies were counted and averaged as in Table 4 . The most important drawback encountered was a vast difference in the properties of different lots of the K+ salt tested. For instance, the lot (Sigma 71C-90019) we used in the experiments reported here gave us very reproducible results. On the other hand, another lot (Sigma 94C-0281) gave us only 12% of the colonies at 37 C and no colonies at 43 C when comparing colony-forming ability on minimal medium with agar plates of the same medium. The plates prepared from this lot were also quite turbid, indicating a difference in purity. Unfortunately, we were unable to get any information from the distributor as to the relative purity of the two lots or who was their manufacturer(s). Therefore we could not determine the basis for the variability observed with different lots.
On the basis of our observations it is clear that the K+ carrageenan can be used for most bacteriological purposes as a base for solidifying various media. We used it successfully for.
preparation of all our routine media, which include minimal media with various sugars, rich medium, and indicator media (tetrazolium and eosin methylene blue). On such media we performed the four common manipulations of bacteria in a microbial genetics laboratory: streaking out cells (purification), replication from master plates to various other solid media, testing efficiency of colony formation from single cells, and using bacteria to clone bacteriophage by the plaquing technique (in this case only the bottom layer of medium contained K+ carrageenan). We found no instance in which the carrageenan could supply amino acids or sugars in the E. coli strains tested. Thus it seems that it cannot be utilized by E. coli and probably is suitable to be used for supporting media for many other bacteria as well (10) . The K+ carrageenan used here was quite firm at 2% concentrations over the entire temperature range for growth of E. coli and was even more transparent than agar. Although syneresis is given as one of the major drawbacks to using carrageenan in bacteriological media (9-11), we did not observe this phenomenon in any of the batches of carrageenan used. Even after several months of storage in a cold room, carrageenan plates were as dry and firm as agar plates.
Carrageenan is a polysaccharide extracted from the red marine algae Chondrus crispus, which is found in great abundance along the east coast of the United States and the western coast of Europe. The alga grows along the shore 1 to 14 feet (ca. 30.5 to 426.7 cm) below ebb tide and is easily gathered by hand picking or raking (11) . On the other hand, Gelidium amansii, the principal source for agar, is found primarily in restricted areas in the Pacific Ocean on submerged rocky ledges and is difficult to harvest, requiring calm weather and often diving gear (11) . Whereas, according to manufacturers, it is becoming increasingly difficult to obtain sufficient amounts of the algae from which agar is produced, there should be little problem obtaining a sufficient supply of C. crispus. Moreover, the cost of the carrageenan per pound that we tested was less than one-sixth of the price of agar. Therefore, we conclude that the K+ salt of carrageenan could become a desirable substitute for agar in various microbiological usages. 
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